v.a., 650 nm test Hash and a moderate intensity adapting field. When the 650 nm and 500 nm fields were equated for the L cones. the dark adaptation curve fell faster for the 500 nm field than for the 650 nm field. Over the range of adapting lights used, no adjustment of the intensities of the two fields made their dark adaptation curves similar. When 500 nm light was added to the 650 nm field, dark adaptation was faster. Visual sensitivity is not regulated by any single photoreceptor type in this experiment.
INTRODUCTION
According to the principle of univariance, the wavelength composition of an adapting field has no effect by itself on the sensitivity of the eye in any experiment where the adapting signal arises in only one type of photoreceptor.
For any pair of adapting lights differing only in wavelength composition, there must exist an intensity ratio at which the photoreceptors absorb photons at the same rate from the two fields. At that intensity ratio, all visual effects of the adapting fields must be identical; in a dark adaptation experiment, the two fields must produce identical dark adaptation curves. In the present experiments, 650 and 500 nm adapting fields were adjusted in intensity to produce equal test thresholds during light adaptation, which should equate them for the action spectrum of the long-wavelength sensitive (L) cones (Wandell and Pugh, 1980a) . These adapting backgrounds produced dramatically different dark adaptation curves. This finding could have two explanations: either the adapting signal originated in a photoreceptor type with an action spectrum different from the L cones, or else the principle of univariance does not apply here because the adapting signals originate in more than one type of receptor. No adjustment of the relative intensities of the adapting fields made the dark adaptation curves identical. Furthermore, even a small amount of 500nm light added to the 650 nm adapting field made recovery faster than with the 650 nm adapting field alone; increasing the intensity of the 650nm field always produced slower recovery. Therefore, the effects of the adapting fields used in these experiments depend on signals originating in more than one receptor type.
It would come as no surprise that sensitivity is regulated by more than one type of photoreceptor if the test were detected by means of signals originating in some receptor in addition to the L cones. The 650nm test flash used in the present experiments is unlikely to stimulate any photoreceptors other than the L and possibly the middle-wavelength sensitive (M) cones, To rule out M cone detection, M cone absolute threshold was estimated in three ways. First, the difference between Stiles' K, and xr field sensitivity action spectra is 0.68 log units at 650 nm. Assuming that the L and M cones are the only receptors that affect rr5 and rrl sensitivity respectively, and that the two cone systems do not differ appreciably in their Weber fractions or their spatial and temporal integration properties, this is an estimate of the difference in absolute threshold between the L and M cones at 650 nm. Second, a similar calculation was based on measurements of the n-mechanisms of subject A.M.B. The absolute threshold of n., at 650 nm was estimated from the absolute threshold for a 480 nm, 200 msec test flash and the xI field sensitivity action spectrum. The difference between the estimated x4 absolute threshold at 650nm and the rrI absolute threshold measured with a 650 nm, 200msec test flash was 1.02 log units. Third, M cone absolute threshold was estimated using two protanopes as subjects. Their absolute thresholds for the 650 nm test flash were both about 0.98 log unit higher than the absolute threshold for the normal subjects. The dark adaptation data for A.M.B. were never more than 0.9 log units above absolute threshold. All the data for A.M.B. fell to within 0.65 log units above absolute threshold within l2sec after the adapting field was turned off. Test threshold for J.W.D. was always less than 0.65 log units above absolute threshold during dark adaptation. It is therefore unlikely that the test flash was detected by the M cones during the dark adaptation part of the present experiments.
The test flash used in these experiments was a IO msec, 20' visual angle, 650 nm test flash. This test was chosen because it seemed likely to be detected via
